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An investigation has been made to determine the low-speed longi- 
tudinal characteristics of an aspect ratio 4 triangular wing, alone and 
in combinationwithafuselage, vertical tail, andmhorizontal tail. The 
camplete model consisted of the wing (NACA 0005 modified airfoil section) 
in ccmbinatlon tith a fuselage of fineness ratio 12.5; a thin, triangular, 
vertical tail; and each of two thin, unswept, alJ+acvable horizontal 
tails (aspect ratios of approximately 2 and 4). Tests were made with the 
horizontal tails at each of three vertical distances above the wing+hord 
pLane (0, O.l8, and 0.'36 wing s&span) at one longitudinal distance 
behind the ting. The average Reynolds nmber, based on the wing mean 
aerodynamic chord, was 10.9 x IO6 and the Mach number was 0.13. 

The reqults of the investigation shared that the mod&with either 
tail located in the e&ended wing+hord plane had a stabil3zLng variation 
of the aerodynemic center position with lift coefficient throughout the 
lift range; whereas there were large deskbilking variations of the aer+ 
dynamic center position for the model with either tail located in the 
positions above the wingchord plane. This effect of vertical position 
of the horizontaltailon the longitudInalstabilityis similar to that 
obtained for a conf'fguration with an aspect ratio 2 trio ting 
(IUCA RM A5lB21, 1951). 

The results of tests of an aspect ratio 4 triangular wing (refer- 
ence 1) have shown the wing to be suitable for use at supersonic speeds. 



2 HACA RM AFOa 

In order to determine the aerodynamic charact8ristics of a similar wing 
&t large 60418 and low Sp88d, 811 inY8Sti@3tiOII h&S been ccnducted in th8 
~86 40-by -oat wind tunnel. 

Th8 results of r8f8r8nc8 lwith regard to aerodymml~enter shift 
and of r8f8r8IIC8 2 With regard to damping in pitch indicate that prime 
consideration should b8 pl&ced on the uee of the wing in an airplane con- 
figuratfon with a horizontal tail, !lYhemfore tests were oonducted to 
determine the lOW-sp88d lor@tudin&l ch&r&cteristics of an airpl&ne con- 
figuration with the aepect ratio 4 triangular wing and a horizontal tail. 
Th8 l?6S~tS Of teat6 reported in reference 3 ShOWed that th8 T8rtiC&l 
pOSitiOn of a horizontal tail had 8 m&rked effect on the longitudinal 
stability of a model with an aspect ratio 2 Wiqj henoe the vertical 

, pOSitiOn of the tailww v&ried in th8 present 0888. In addition, the 
effect of a v&ri&tion of t&il span on the longitudinal stability was 
investig&ted. c 
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a &~ aver&g8 8ffeCtiV8 downwash &me, d8gre8S 
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angle of incidence of the horizontal tail relative to the 
wIngdhord plane, degrees 

'diSt~C8 frCSl Center of @&Vity t0 pivot -8 Of horizontal 
tail, feet 

total lift, pounds 

liftikag ratio 

total pitching moment &bout the center of gravity, foo+pound~ 

free--etream dyrmmic pressure, pounds per eqtmre foot 

WiX =-a, square f88t 

horizontal--tail &3?8&, SqU3?8 f88t 

airplane weight, polmds 

COOrdiIl&t8 p8I'peI'ld5Xll&r t0 p-8 of 8JlI0l8try, f88t 

coordiaate perpendicular to w--chord plane, feet 

A drawing Of the COmplete &irpl&ne model is shown iti figure 1 and 
a photograph of the model in the Ames 4Ck by SO-foot wind tunnel is sho? 
in; fig-W?8 2. The pertinent dImeneion&l d&t& are presented in table I. 
The fuselage, horizon-t&l tail, and vertic&l tail previously used with &n 
aspect ratio 2 tri&ngul&r wing (reference 3) were also used for the sub- 
j8Ct t8StS. 

The wing of the model h&d an aspect ratio Of 4. The airfoil e8ctions 
c parallel to the modftl center line were modified %$a 0005 s8ctions. The 

modification canelated Of a straight--line fair- fram the 67-percent+ 
. chord station to the trsiling edge. COOrdiIl&t88 Of the airfoil &I?8 listed * 

L in table II. 
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The fU38l&ge was Of~CirCul&r cross SeCtiCn and h&d a fineness ratio 
0f 12.5. Coordinates for the fuselage are presented in table III, I 

Two &U+uovable horizontal tails were Used. Each tail had 89 unswept 
plan fcrm and modified diamond sections. The original diamond section of 
5.6-percent thickn8ss wae modified by rounding th8 m&m thickn8ss ridge 
Using 8 radius of CurV&tur8 of 4.48 chord; the resulting section had a 
m&ximum thickness of 4.2-percent chord. Each horizontal t&i1 was t8St8d 
at thr88 pOSitiOnS, namely, &t th8 lOW, middle, and high pOsitiOnS shown 
in figure 1. IEach t&i1 w&s pivoted-about a line ccnnect3ng the leading 
edges of its tip sections.. In the low.~~?sitio.~,..~&ch-ho~izontal tail was _.._ 
mounted on the fusel&ge tith its pivot line in th8 extended chord plane 
of-mewing. In the middle and high positions, the horizont&l tails were 
mounted on the vertical tail with the pivot lines located vertically at 
approximately 18-and 36qercent wing SemIspan above the wfng-chord plane, 
r8sp8otiv8ly. (888 table L and fig. 1.) The longitudin&l lOC&tiOn w&s 
the same for all three tail positions. The same horizontal-tail surface 
panels were used st emh of the three positicms. T&ill, which w&s Used 
in the investigaticn r8pOZ%8d in reference 3, had.an aspect ratio of 4 
when xnomted on the vertical tail. The &Sp8Ct-r&tiOS of the tails W8r8 
tiger When at the low RositiCII than at the other two positions. (See 
tab18 I.) 

For08 and nnt dat& were obt&ined,for the wing alone, wIng+Pusel&ge, 
wing-Pusel&ge+ertic&l-tail cocfigur&tir.m, and th8 ccmplete model with 
each hori~ont&l 4x11 at each of the three positiOns. 938 tails W8r8 Set 
at 00, -20, and -6' angle of incidence at each of the three tail positions. 
With the tails in the low position, &dditi.on&l t8StS were m&de &t &II 
angle of incidence of -loo. Accuracy of horizontal-tail settings w&s 
within+0.2O. All tests were made at zero sideslip through an angle-of- 
attack range of approximtely -lo to 24O. 

The aPer&ge Reynolds number of the tests w&s 10.9 million based on 
the mean aerodynamic chord of the wing. The dpmmic pressure w&s approxi- 
mately 25 pomds per SqUar8 foot and the Mach nlmiber w&s 0.13. 

Lift, drag, and pitching~ozmnt data for the wing alone, wing- - 
fuselage, and wing-fusel&ge-vertic&l-tail configurations are presented 
in figure 3. The pitchirig+tmm8nt d&t& in this figure are referred to th8 
quarteMhcrd station of the me&n aerodymmic chord. The lift, drag, and 
pitching+men t data for the complete model with each of the two horizonkl 
tails are shown in figures 4, 5, and 6. The pitching 

~ 
-tdata intheee 

figLU?eS a328 referred to Ce?lt8?2-Of~&Vit~.lOC&tiOns for which 8 Value 
. - 
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of (dCm/dC,)cL = o = -0.06 was obtained with the horizontal tail 
at 1 =O". The center-of-gravity locations US8d are listed in table - 
The %3ta were CoI?r8Cted for wind-tUUI8l+&ll 8ff8GtS &nd support-strut 

IV. 

iIlt8rf8r8uC8. 

The variations of the average effective downwash angle with angle of 
attack &t the position Of the hOrizOnt&l tail were d8t8rmfn8d from the 
pitching -moment data of figures 4, 5, and 6 and are premnted in fig- 
UT8 7. The values were determined by the relation 

E av =a+1 t 
where the value of a is that at which the tail-on and tail-off pitching- 
.moment curves intersect. 331 order to obtain points of intersection for 
tail incidence6 Other than those tested, a 
was aSSLRU8d. 

lfnear variation of dCJdit 

DrSmrON 

Model Configurations Without horizon&l Tail . 

Theoretic&l lift, drag, and pitching-atome nt CUTVBS for the wing 
alone are compared in figure 3 with wie corresponding experimental curves; 
the simplified lifting+tiace theory of reference 4 was used. The curves 
are noted to be in agreament only in the low lif~oefficient range. In 
this range the lift-curve+lope predictim is excellent; the predicted 
slope is 0.058 per degree, and the measured slope is O..On. The drag 
curve is also predicted tith good accuracy. Prediction of the aerodynamic- 
center location is fair (33 percent instead of 36 percent 3. 

The foregoing agreement between measured and predicted results as 
regards degree and CL range is very similar to that noted for thin tri- 
&ngular wings of lower aspect ratio. The limited lift-coefficient range 
of applicability of the theory.has b88n shown in the c&se of a thin tri- 
&ngular wing of aspect ratio 2 to be due to a separation-vortex type of 
flow which first appears near the tip and spreads inboard with increasing 
angle of att&ck. (S ee reference 5 for a description of this type of flow.) . . 
Tuft studies of flow over the aspect ratio 4 wing indicate a similar flow 
condition to be the reason for the limited range of applicability of the 
theory. 

The effect on the force and moment char&cteristics of the addition 
of the fuselage, as in the case of an aspect ratio 2 wing (reference 6), 
was Small. The lift-curve slope was increased from 0.057 per degree to 
0 .oy3; 

%ma x w&s increased from 0.96 to 0.9; and the aerodyn&mic center 
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wae moved forward from 36 to 34 percent of the mean aerodynamlo chord. 
The addition of the vertical tail caused no signdficant change in lift 
or moment. 

By superposition of wing-alone and fueelage-alone (unpublished data 
from Ames 40-by 804oot wind tunnel) pitchingdurment characteristica, 
an aerodynamic center shift of 5.4 percent of the mean aerodynamic chord 
is predicted, whereas the experimental results. show only a g--percent 
shift. This indicates a sizable wingduselage interference effect on the 
aerodynamdc-center location, an effect which was also found for the aspect 
ratio 2 win@uselage combination (reference 6). 

The data for the wing-fuselage4ertioal-tail configuration are cam- 
&red in figure 8.with data for a similar configuration with an aspect 
ratio 2 wing (reference 3). Though a similar type of flow separation 
occurred on the two wings, the effect of this type of flow on the 31ft 
and pitohing-mament characteristics was quite different. On the aspect 
ratio 4 wing, the start and progression of the flow separation resulted 
in a continuously decreasing lift-curve slope and a forward shift of the 
aerodynamic center followed by a large rearward shift near maximum lift. 
On the aspect ratio 2 wing, it resulted in only a small irregular 
aerodynamiwenter variation and an increased Uft-aurve slope which 
remained fairly constant up to the maximum lift coefficient obtained. The 
maximum lift coefficients of low+aspect+atio triangular wings are of 
minor practical significance, it is believed, because of the high angles. 
of attack Involved. It is interesting to note, however, that the maxImum 
lift coefficient of the aspect ratio 2 wing (fig. 8) would be consider- 
ably higher than that of the aspect ratio 4 wing. 

Model Configurations With Horizontal Tail 

&onzitudinal stabilits.-Figures 4, 5, and 6 show the effects of 
vertical location of the horizontal tail and of tail span on the longi- 
tudinal stability characteristics of the model. In all cases it can be 
seen that the vertical location of the tail was the dominant factor. The 
folloting oomments on the effect of vertical position apply, therefore, 
to either tail. 

With the tail in the low position, the longitudinal stability 
increased gradually with increasing lift coefficient until at lift coef- 
ficients above 0.8 there was a very rapid increase in stability. With the 
tail located in the positions above the extended wing-chord plane, the 
model stability varied tidely through the lift range. With the tail in 
either the middle or high positions, the stability decreaeed slightly up 
to lift coefficients of the order of 0.6; then between lift coefficients 
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e 
of 0.6 and 0.9 there was a large decrease in stability (0.61; and 1.41; 
forward shift of the aerodynamic center for the middle and high positions, 
respectively) which was finally followed by a large increase in stabile-ty 
at higher lift coefficients. 

The variations of downwash angle tit& angle of attack (fig. 7), which 
oause the changes in stabiUty, are believed to be s result of the 
separatisn-vortex type of flow. These variations are 5imUar I3 those 
obtained on an airplane model with an aspect ratio 2 triangular wing 
(reference 3). The effect of the separation-vortex type of flow on dsav/da 
and thus the stabilfty contribution of a tail ia discussed fn reference 3. 

As noted in reference 3, dounwash surveys show that a horizontal tail 
at positions slightly above the extended wing-ohord plane would be satis- 
factory for the model with the aspect ratio 2 wing. Since the variations 
of the downwash angle wdth angle of attack behind the aspect ratio 4 and 
aspect ratio 2 wings are similar for corresponding tailpositi~, the 
assumption probably can be made that the use of a horizontal tail in posi- 
tions slightly above the extended wing-ohord plane would also be satis- 
factory for the oonfiguratim with the aspect ratio 4 wing. 

Acomparison of the downwash curves obtainedwith tails land 2indi- 
sate that, although there are ohanges in the effective downwash angle at 
a given angle of attack, the change of tail span does hot alter the general 
variation of the effective downwash angle with angle of attack. Hence, as 
noted previously, the variation of tail span had only a minor effect on 
the ~ongitudinal-etability characteristics. 

Trim charaoteristics,- Presented in figurs 9 are ths lift and drag 
characteristics for the trimmed airplane with either tail located in ths 
extended wing-chord plane. These characteristics were derived from the 
dataoffigure 4. Curves of &nstantgliding and sinldng speeds, computed 
for a wing loading of 30 pounds per square foot, are included in the fig- 

Also shown are the lift and drag characteristios of the trimmedair- 
ze oonfiguratfon with sn aspect ratio 2 Mng. A 6+ercent staticmargin 
was assumed for all the airplane configurations. Aoamparisonof the lift 
and drag characteristics of the two trimmed airplane models indicates, as 
might be expeoted, that the airplane with the aspect ratio 4 wing would 
have better lift snd drag oharacterfstics. This is a result of the higher 
liftiurve slope and lower induced drag of the aspect ratio 4 wing. Once, 
ths airplane model with this wing is able to attain both lower gliding 
and ainldng speeds, at a given attitude up to an angle of attack of approxi- 
mately 22O, than the airplane model with ths aspect ratio 2 wing. This is 
shown more clearly in figure 10 where the gliding and sinking speeds of the 
models with the aspect ratio 2 and 4 wipgs and tafl 1 are plotted as a 
function of angle of attack. The airplane uith the aspect ratio 2 ying, 
however, Is able to attain higher lift coefficients and would thus have 
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lower minimum gliding speeds if no limitations were placed on maximum per- 
missible attitude, or sinkIng speed. Before any final conclusions can be 
drawn, however, the effect of flaps must be determined. 

The results of the investigation showed that the model with either 
tail located in the.extended wing-chord plane had a stabilizing variation 
of the aerodynamic-center position with lift coefficient throughout the 
lift range3 whereas for the model with either tail located in either of 
the positions above the wing-chord plane there were large destabilizing 
variations of the aerodynamic center position. 

This effect of vertical position of the horieontal tail on the longi- 
tudinal stability has also been found for a configuration with an aspect 
ratio 2 triangular wing (RACA RM A5lB21, 1951). It is believed that the 
same effect can, therefore, be expected for aIrplane models having thin 
triangular wings with aspect ratios b-etween 2 and 4. 
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TABLE I.- DIMENSIOIJALDATA 

I'WA RM A5lJilOa 

. 

Area, sq-efeet ........ . .............. 332-5 
~pa~,feet ......................... ..35.3 6 
&an aerodynamic chord, feet .................. 11.78 
Aapectratio .......................... 4.0 
Taperratio ........................... 0 

lselage 

Length, feet 
EIaximumdiam&,'f~e~ 1 : : : : : 1 : : : : : 1 : : : : 1 1: ?*t$ 
Fineness ratio ........................ G-5 

trtical tail 

Exposed area, square feet ................... 52.57 
Aspect ratio of plan form, extended to 

modelcenterline ...................... 1 
Taperratio .......................... 0 
Airfoil section parallel to model center 

line ...................... Modified NACA 0005 

trizontal tail 

Low position Tail.2 
St/S ................. 0.246 0.266 

bt/b ................. 0.521 0.391 
2+ ................. 1.735 1.752 
Aspect ratio ............. 4.4 2.3 
Taper ratio ............. 0.46 0.45 

Addle poeition 

st;/s ................ 0.2(x3 0.200 

bt/b ................. 0.448 0.316 
tt/% ................. 1.703 18750 
Aepect ratio ............. 4.0 2.0 
Taper ratio ............. 0.50 0.50 

-- 
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TABIE I.- CO~CLODED 

11 

I Btgh poaition Tail 1 Tail 2 

q/s . . . . . . . . . . . . . . . . . 0.200 0.200 

I bt/b . . . . . . . . . . . . . . ...0.448 0.3l6 

Q/r ............... ..1.6 7g 
Aspect ratio ..... :. ....... 4.0 
Taper ratio .............. 0.50 

d 

1.733 
2.0 

0-W 



TABLE II.- CC-ORDICJA!T!ES OFTEERAfX 0005 
(MODIFIED) BEC'J!IOXT 

Station Ordinate 
(percent chord) (percent ohord) I 

0 0 
1.25 ,789 
2.50 1.089 
5.00 1.481 
7.50 1.750 

10.00 1.951 
15.00 2.228 
20.00 2.391 
25.00 2.476 
30.00 2.501 
40.00 2.419 
50 *oa 2.206 
60.00 1.902 
67.00 1.650 
7d.00 1.500 
80.00 1.000 
90.00 -500 

100.00 0 

1 L.E. radius, 0.275-percent chord 1 
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TABLE IIT.- BODY CooRDmm 

[Stations and radii in percent 
of thetotallengthI 

Station 

0 t 100,ocl 
,625 

E5 . 1.25 
2.50 

92.50 $E 75:; 
10.00 9a.oa 
15.00 85.00 
20.00 80.00 
25.00 75.00 
30.00 70.00 
35-w 
40.00 z?: 

55:ao 45.00 
50.00 --- 

Radius 

0 
-26 
-42 
-70 

1.15 1.54 
1.86 
2.41 
2.86 
3.22 
3.51 
3.73 
3.88 
3.97 
4.00 
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TABm Iv.- CENTER-OFGRAVITY LOCATIONS 
FOR THE VARIOUS CmTIONS 

configuration I Center-of-gravity location 
(percent Z) 

wing alone 

WingSueeZege 

Wi~~uselage~ertioal-tail1 

Ccmplete~model with tail 1 

mddle 

=gh 

Ccmplete model tith tail 2 

Low 

MLddle 

Hfgh 

25.0 

25.0 

25.0 

40.8 

43.9 

46.3 

39.0 

39.3 

41.0 

lIn figures 4, 5, and 6, where the tin@uselage-vertfcal- 
tail--configuration data are compared with the data for the 
oomplete model, the centeMf-gravity 1ocGtion for the cam- 
plete model is used. 
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Figure 1, Gt?omsfr;c defuh=s of the mode/: 
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Figure 2.- The mdel as mudced in the Amss '@-by moot Wind !lhmnel. 
Horizontal tail 1 in low positian. 
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